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For  many  years  the  Joint  Highway  Research  Project  of  Purdue 
University  has  conducted  research  in  various  phases  of  highway 
engineering  in  cooperation  with  the  Indiana  State  Highway  Department* 
Research  has  been  conducted  in  many  areas  of  highway  materials  and 
traffic  and  planning  during  this  timeo  In  the  summer  of  1954*  the 
Research  Project  was  directed  to  make  a  study  of  the  needs  of  the 
98,000  miles  of  roads  and  streets  in  Indiana  (See  Figure  1).  It  was 
evident  to  many  people  that  a  great  many  inadequacies  and  deficiencies 
existed  in  the  highway  facilities,  but  it  was  necessary  to  have  de- 
finite information  about  the  specific  needs  in  order  to  intelligently 
solve  the  resulting  complex  engineering  and  fiscal  problemso  Generally, 
the  efforts  of  the  early  planning  of  the  work  were  directed  to  the 
solution  of  the  following  problems: 

lo  What  are  the  physical  needs? 

2o  How  much  will  correction  of  the  needs  cost? 

3°  What  is  the  relation  of  the  cost  required  to  eliminate  the 
needs  with  anticipated  sources  of  income  for  highway  improve^ 
merit? 

The  final  objective  in  answering  these  three  basic  questions  was 
to  develop  information  that  would  assist  highway  and  legislative  per- 
sonnel provide  an  adequate,  efficient,  and  economical  highway  system 
in  Indianao 

No  attempt  was  made  to  solve  the  financial  problems  which  a 
study  of  this  nature  would  reveal*  The  research  was  confined  primarily 
to  an  engineering  appraisal  of  the  physical  needs  and  the  costs  required 
to  eliminate  these  needso  Other  questions  which  were  related  to  the 
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determination  of  deficiencies  and  related  cost*,  however,  had  to  be 
considered.  Such  problems  as  economic  services  of  the  highway,  growth 
trends,  classification,  accidents,  traffic  operations,  length  of  pro- 
gram periods,  and  other  problems  were  evaluated  along  with  the  de- 
termination of  the  direct  needso 

Collecting  Data 

During  the  early  fall  of  1954  and  winter  of  1955,  a  complete 
physical  inventory  of  the  1Q700  miles  comprising  the  State  Highway 
System  was  made  by  State  Highway  Department  personnel..  Each  of  the 
six  highway  districts  could  readily  supply  the  necessary  personnel  to 
rapidly  complete  this  inventory  within  a  few  months  because  of  the 
"slack  season"  between  the  1954  and  1955  construction  seasonso  3y  the 
last  spring  of  1955 »  all  inventories  were  substantially  finished.. 

The  actual  procedures  and  techniques  for  making  the  inventory 
were  developed  by  the  Research  Projecto  Essentially  the  information 
that  was  required  can  be  broken  down  into  three  general  categories! 
lc  Road  or  street  information 
2o  Bridge  information 
3°  Railroad  crossing  information 

The  road  information  that  was  collected  is  indicated  by  Figures 
2,  3,  and  4;  bridge  information  by  Figure  5j  and  railroad  crossing 
information  by  Figure  bo  Actually,  a  great  deal  more  information  was 
collected  than  was  absolutely  required  for  the  performance  of  a  needs 
study o  However,  this  additional  information  wa*  collected  for  a 
definite  purposeo  For  instance,  data  concerning  roadside  development 
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of  various  type*  can  be  used  to  help  determine  the  service  characteristics 
of  the  highway  and  some  of  the  effects  of  roadside  development  on  the 
movement  of  traffico  Sufficiency  ratings  for  the  rural  highway*!  were 
also  computed  from  some  of  the  information,  which  was  not  directly 
involved  in  the  needs  appraisal* 

Traffic  data  for  each  section  of  highway  were  placed  on  the  in- 
ventory information*  Accident  rates  per  100  million  vehicle  miles , 
were  computed  from  accident  records  obtained  from  the  State  Police 
Department  and  traffic:  data  for  the  particular  section  of  road   This 
information  was  also  added  to  the  Inventory  datae 

It  was  not  possible  to  make  extensive  inventories  of  the  study 
and  city  and  county  systems;  and,  therefore,  other  sources  of  data 
were  used  to  develop  and  evaluate  the  needs  on  these  aynteira- 

Prooedure  of  Analysis  of  Data 

Before  actual  study  of  the  data  was  started,  a  thorough  evalua- 
tion  of  growth  trends  of  population,  motor  vehicle  registration  motor 
vehicles  use,  motor  fuel  consumption,  and  traffic  growth  was  under- 
takeno  The  resulting  traffic  growth  curve  for  the  State  Highway  System 
is  indicated  in  Figure  7<=     The  upper  line  indicate*  the  maximum  possible 
growth  of  traffic,  and  the  lower  line  indicates  its  probable  average 
growths  The  lower  line  was  computed  on  the  basis  of  the  "least  squares 
method"  derived  from  the  extention  on  past  traffic  datac  The  upper 
line  was  computed  by  the  "three  factor  method"  which  considered  the 
growth  of  population,  motor  fuel  consumption,  and  motor  vehicle  re= 
gistrationo 
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Development  of  tolerable  and  design  standards  required  much 
thought  and  wcrko  Many  meetings  Kith  the  State  Highway  Department  and 
other  qualified  engineers  were  necessary  to  produce  an  acceptable  set 
of  standards  for  new  construction  and  tolerable  conditions.   Develop- 
ment of  standards  for  the  rural  state  and  county  systems  wis  compara- 
tively easy;  however,  it  was  not  possible  to  develop  a  formal  net  of 
standards  for  the  urban  state  highways  and  city  streets  because  of 
the  complexities  of  the  transportation  problem  in  a  great  nany  of 
these  areas o  Typical  examples  comparing  some  of  the  elements  of 
tolerable  and  design  standards  for  the  rural  state  primary  and  secondary 
and  county  primary  systems  are  indicated  in  Figures  8  and 

Construction  eost  data  for  the  State  Highway  System  were  based 
on  state-wide  average  costs  for  various  types  of  highway  improvement:. 
These  costs  were  obtained  through  the  cooperation  of  the  State  High- 
way Department  and,  therefore,  accurate,  usable  data  was  deterolnedo 
The  development  of  existing  costs  of  maintenance  and  the  costs  of 
adequate  maintenance  was  also  accomplished  by  this  organize  ti  on 
Development  of  cost  data  for  the  county  road  and  city  street  systems, 
however,  was  indeed  diffieulto  Cost  records  were  virtually  non-exist&nt 
in  many  of  the  smaller  cities  and  many  of  the  countieso  It.  was  necessary, 
therefore,  to  base  most  of  these  costs  upon  estimation  and  expert 
judgement. 

Since  the  inventory  was  to  serve  the  multiple  purpose  of 
providing  statistical  information  for  other  uses  than  a  Needs  Study, 
it  was  decided  to  place  all  of  the  information  on  1BK  punch  cards. 
The  punch  cards  also  provided  the  most  efficient  and  quick  means  of 
analysis  of  the  multitude  of  data  which  was  necessary  to  process c 
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Two  cards  were  punched  for  each  highway  section  containing  all  per- 
tinent road  information-  A  card  was  also  punched  for  each  bridge 
and  railroad  crossing  which  was  contained  in  the  highway  section 
Additional  information,  which  could  not  be  taken  by  the  inventory 
crews,  such  as  traffic  capacity,  accident  rate,  and  soil  type  was  also 
determined  and  punched  into  the  cards „ 

Work  sheets  for  each  section  of  road,  and  the  bridge  and  railroad 
crossing,  which  were  located  in  the  section  were  tabulated  as  indicated 
in  Figure  10 ,  Existing  deficiencies  were  indicated  on  the  work  sheets 
as  well  as  anticipated  future  deficiencies <.  The  year  of  needed  improve- 
ment was  then  determined  and  construction  recommendations  were  made 
The  cost  of  the  improvement  was  then  determined  based  on  average 
construction  costs  previously  determinedo 

Needs  on  the  Interstate  System  were  not  determined  in  this 
manner  since  the  State  Highway  Department  had  nearly  50>£  of  proposed 
Interstate  System  in  the  final  stages  of  the  preliminary  designo  Costs 
that  were  developed  for  rural  and  urban  portions  of  this  work  were 
used  to  determine  the  entire  cost  of  the  systemo 

Some  of  the  needs  on  the  Urban  State  Highways  in  the  larger 
metropolitan  areas  were  developed  on  the  basis  of  recommendations 
given  in  several  of  the  recent  comprehensive  traffic  surveys  which 
have  been  conducted  in  Indiana  and  long  range  city  plans*   The  city 
planner  was  found  to  be  an  essential  individual  in  the  determination 
of  urban  needs.   His  knowledge  of  urban  growth  is  a  particular  community 
greatly  influenced  the  determination  of  arterials  streets  and  the 
traffic  flows  on  these  streets*  Therefore,  long  range  city  plans  were 
used  extensively  in  those  cities  where  such  information  was  developed.- 
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It  was  impossible  to  inventory  each  mile  of  the  87,300  miles  of 
county  roads  and  city  streets  because  of  time,  financial  and  staff 
limitations^  Furthermore,  the  available  records  of  construction  and 
plans  for  county  road  and  city  street  improvement*  were  iound  to  be 
inadequate o  Useable  cost  information  in  most  of  the  counties  and 
smaller  and  intermediate  size  cities  was  also  difficult  to  locete 
In  fact,  this  very  lack  of  information  indicated  one  of  the  major 
needs  on  the  county  and  city  road  systems,  even  though  these  needs 
cannot  be  directly  evaluated  in  terms  of  dollars  and  cent" 

To  help  solve  the  problem  of  lack  of  adequate  data,  it  was 
decided  to  use  any  available  information  concerning  the  city  and 
county  systems  which  was  accessible^  Since  most  of  the  county  road 
and  city  street  system  were  not  classified,  the  difficulty  of  this 
problem  was  increased ^ 

Therefore,  the  first  step  was  to  classify  the  76,000  miles  of 
county  roads  into  Primary,  Secondary,  and  Local  road  systems°  Data 
from  recent  road  classification  studies  that  were  performed  in  two 
Indiana  Counties  and  other  road  classification  data  available  from 
studies  made  elsewhere  indicated  that  13  percent  of  the  total  county 
mileage  was  located  on  the  Primary  system  and  12  percent  was  located 
on  the  Secondary  systemo 

Various  composite  estimates  of  the  dollar  needs  required  on  the 
Primary,  Secondary  and  Local  road  systems  were  determined  from  the 
information  available  in  these  two  counties  and  from  a  study  of  county 
road  needs  in  adjoining  states  as  reported  in  their  recent  needs 
studies o 

To  classify  the  11,300  miles  of  city  streets  which  were  lecated 
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on  the  arterial  and  residential  systems,  the  total  mileage  on  these 
systems  were  determined  from  a  sample  of  cities  of  various  population 
classes.   Prom  this  study  it  wae  determined  that  an  overall  average 
of  approximately  25  percent  of  the  city  street  mileage  was  located  on 
the  Arterial  system  and  the  remaining  75  percent  on  the  residential 
system  o 

Composite  needs  on  these  two  systems  were  then  determined  from 
various  engineering  studies  made  previously  of  several  cities  in  Indiana 
and  from  recent  needs  studies  performed  in  adjacent  stateso 

Construction  of  residential  streets  in  new  subdivision  development 
in  both  the  counties  and  cities  were  not  considered  as  a  highway  needs 
since  laws  in  these  governmental  units  required  that  these  roads  and 
streets  be  constructed  by  the  land  developer  or  property  owner  to  standards 
which  meet  the  minimum  design  requirements  for  this  studyo  Increased 
maintenance  needs ,  however,  were  considered  because  of  the  growth  of 
mileage  on  these  systems*. 

Although  the  county  road  and  city  street  needs  were  determined 
from  data  which  are  not  as  objective  as  that  for  the  state  highway 
system,  the  needs  were  based  on  the  best  available  information  and  are 
considered  to  be  realistic  and  adequate<> 

SUMMARY  OF  RESULTS 

PBgcrlptton  of  tfeed.ru  Program  Period,  3nd  Price,  Adjustment 

Some  of  the  preliminary  tabulation  of  data  from  the  inventory 
information  revealed  that  the  needs  on  the  Indiana  System  of  highways 
would  be  great*  Inadequate  pavement  and  shoulder  widths,  inadequate 
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traffic  capacity  on  the  major  systems,  may  narrow  and  overload 
bridges,  and  several  other  types  of  functional  and  structural 
obsolescence  were  indicated ..     Most  of  this  preliminary  data  tentatively 
proved  what  has  been  known  for  many  years  -  many  inadequacies  existed 
on  the  highway  system  and  these  deficiencies  would  be  great.  Further- 
more, the  needs  that  would  accrue  in  the  future  years  would  create 
still  greater  problems  .•> 

The  physical  needs  were  divided  into  the  conventional  categories 
which  have  been  used  in  previous  work:  immediate  needs,  future  needs, 
and  maintenance  needs°  Included  in  the  future  needs  were  replacement 
and  stop-gap  improvements..  Maintenance  needs  also  included  the 
administration  requirements^ 

A  program  period  of  15  years  was  chosen  for  this  study  because 
of  influence  of  the  1956  Federal  Aid  Highway  Act  and  because  it  was 
thought  that  engineering  and  construction  requirements  could  be  most 
effectively  fulfilled  during  such  a  program  period-  A  longer  or  shorter 
program  did  not  seem  practical,  and  therefore,  physical  needs  and  costs 
were  not  determined  for  other  periods  of  time.  The  estimate  of  costs 
for  improvements  were  based  on  1955  prices,  and  adjustments  for 
possible  future  price  trends  were  not  attempted,. 

State  System 

With  the  exception  of  the  toll  road,  very  few  miles  of  the 
proposed  1,100  miles  of  Interstate  System  in  Indiana  meet  approved 
design  standardso  Nearly  932  miles  of  this  system  must  be  relocated 
in  the  next  15  years*  Four-lane  divided  construction  is  needed  on 
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all  rural  highways,  and  in  some  of  the  urban  areas  six -lane  freeway 
construction  is  required   According  to  data  developed  for  thin  study 
a  total  expenditure  of  #381  million  will  be  required  on  this  system 
These  figures  have  been  revised  to  jft.,058  million  by  the  recently  com- 
pleted Section  108(d)  study, 

Needs  found  on  Rural  Primary,  Secondary,  and  Urban  Systems  were 
also  greato  On  the  rural  system  over  30  percent  of  the  existing 
mileage  are  in  immediately  need  of  improvement o  During  the  next  15 
years  an  additional  65  percent  of  the  mileage  will  become  inadequate 
The  complex  problem  of  the  Urban  State  Highways  must  be  handled  boldly 
and  decisively  since  the  present  needs  are  critical.  Congestion  and 
delay  are  becoming  more  prevalent  as  each  day  passes,  During  the  next 
15  years  over  350  miles  of  by-passes  will  be  required  around  these 
areas o  Expressway  systems  are  needed  in  the  state's  larger  cities 

The  total  cost  of  the  construction  work  necessary  eliminate 
the  immediate  and  future  needs  on  the  Rural  and  Urban  Systems  is  Jfr.781 
milliono  Additional  funds  that  are  required  for  the  maintenance  and 
administration  needs  amount  to  #354  million- 

County  Road  System 

As  would  be  expected,  the  greatest  needs  on  a  cost  per  mile 
basis  occurred  on  the  Primary  and  Secondary  systemso  Generally,  these 
roads  carry  traffic  volumes  between  100  to  1000  vehicles  per  day  and 
are  composed  of  farm  to  market  traffic  and  carry  milk,  postal  routes, 
and  other  important  county  traffic  flows o  The  Local    County  systems 
consist  mainly  of  farm  access  and  residential  access  roads,  with  the 
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origin  'destination  of  traffic  being  primarily  of  short , local  trips- 
in order  to  eliminate  the  present  and  future  needs  over  the  next  15 
years  construction  expenditures  of  #372  million  on  the  Primary  and 
Secondary  systems  and  #161  million  on  the  Local  road  system  are  re- 
quiredo  An  additional  expenditure  of  #458  million  is  required  for 
maintenance  and  administration  on  all  systems o 

City  Streets 

The  needs  on  the  Urban  Stato  Kighitty*  arc  not  included  in  this  dis- 
cussion, since  they  have  been  reviewed  earlier  on  the  State  Highway 
System.,  During  the  next  15  years,  it  is  estimated  that  early  41 
percent  of  the  mileage  on  the  Arterial  System  and  59  percent  of  the 
mileage  on  the  Residential  Syetem  must  be  resurfaced  or  reconstructed^ 
Nearly  #237  million  is  required  for  construction  on  the  Arterial  streets 
and  #207  million  is  required  for  construction  of  the  Local  streets  to 
eliminate  present  and  future  needso  Maintenance  and  administration 
will  require  additional  expenditure  #206  million  during  the  15  year 
periodo 

A  summary  of  the  average  annual  expenditures  estimated  for  the 
state,  county,  and  city  systems  for  a  15 -year  program  is  presented 
in  Figure  11,  The  costs  for  the  Interstate  System  have  been  separated 
from  the  costs  of  the  other  State  Systems  because  of  its  uniqueness 
and  high  cost  of  construction o  As  can  be  seen  from  the  chart,  the 
average  annual  cost  for  a  15-year  program  eliminate  the  needs  on  the 
State  Rural  and  Urban  Primary  and  Secondary  systems  is  #156  million ; 
the  Interstate,  #81  million;  the  county  system,  #66  million }  and  the 
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city  street  system,  #43  milliono  The  total  estimate  average  annual 
expenditure  required  for  all  systems  for  15  years  is  #346  ndllionc 

Needs  Vermis  Finances 

Indiana  obtains  revenue  for  construction,  maintenance,  and 
administration  of  its  highway  system  primarily  from  motor  fuel  taxes, 
license  and  registration  fees,  local  county  or  city  funds,  and  Federal 
Aido  In  1955  a  total  of  #108  million  was  available  from  these  sources 
With  the  passage  of  the  Federal  Aid  Revenue  Act  of  1956  and  a  recent 
two-cent  increase  in  state  motor  fuel  taxes,  a  significant  change  has 
occurred  in  the  availability  of  highway  funds  in  Indiana <,  Estimates 
of  revenues  during  the  next  15  years  have  been  developed  from  present 
growth  trends  and  revenue  policies  are  shown  in  Figure  12°  It  is 
estimated  that  the  annual  highway  income  will  reach  a  peak  of  #280 
million  by  1967,  and  that  it  will  be  reduced  to  #250  million  by  1971 
because  of  reduction  in  Federal  Aid  due  to  the  completion  of  the 
Interstate  System^ 

Superimposed  on  the  estimated  income  curve  is  a  suggested  curve 
that  indicates  the  yearly  expenditures  which  are  required  to  eliminate 
the  needso  This  curve  is  derived  by  assuming  that  the  average  yearly 
income  to  eliminate  the  needs  minus  Federal-Aid  will  be  attained  in  the 
middle  of  the  fiscal  year  1964  (1/2  of  total  15  year  program)?  The 
yearly  state  revenue  is  then  assumed  to  increase  at  a  rate  of  #12  million 
a  year  from  this  point  until  the  end  of  the  fiscal  year  1971,  and  decrease 
at  a  rate  of  #12  million  a  year  from  this  point  until  the  beginning  of 
the  fiscal  year  1957<>  The  upper  curve  is  finally  obtained  by  adding  the 
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anticipated  Federal  Aid  during  this  program  period  to  the  required 
state  revenues  necessary  to  eliminate  the  needs 

It  is  obvious  from  Figure  12  that  the  required  needs  will  not 
be  satisfied  by  the  anticipated  fundso  In  fact  an  additional  1.4 
billion  will  be  required  over  and  above  that  which  can  be  provided 
by  present  sources  of  revenue*  Either  new  sources  of  revenue  will  be 
required  or  increases  in  old  sources  will  be  needed  to  fill  the  gap 
between  needs  and  available  financeso 

Concluding  Statement 

The  concepts  and  procedures  that  were  used  on  the  Needs  Study 
along  with  some  of  the  results  have  been  presented,.  It  is  difficult 
to  determine  the  total  impact  of  an  adequate  highway  system  on  the 
general  economy  of  the  state  but  many  benefits  to  the  highway  user  and 
non-highway  user  will  ressult 

Although  not  mentioned  specifically  in  this  paper,  careful  con- 
sideration was  given  to  those  needs  which  could  not  be  measured  on  a 
monetary  basis o  Improve  traffic  operations  through  effective  traffic 
engineering,  wise  and  efficient  use  of  off-street  parking  facilities, 
classification  of  roads  and  streets,  improved  cost  accounting,  the 
supply  of  engineer  and  technicians,  road-classification  and  a  number  of 
other  problems  were  evaluated  as  to  the  effect  on  the  total  needs 
problemo  Having  adequate  funds  and  adequate  planning  to  eliminate 
highway  deficiencies  is  not  enough  to  do  a  complete  job;  considera- 
tion and  solutions  to  problems  as  have  just  been  outlined  must  also 
be  attainedo 
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